Introduction {#s0001}
============

Neonatal sepsis still accounts for 40% of all deaths in this period of life \[[@CIT0001]\]. Blood cultures are the gold standard for the diagnosis of sepsis, however, quantitative real-time amplification systems (qPCR) based on the bacterial 16S rDNA \[[@CIT0002],[@CIT0003]\] have been suggested not as a replacement, but as a complementary diagnostic tool to blood cultures because they are faster and more sensitive than conventional amplifications, and when compared to blood cultures are particularly useful to rule out infection due to a high negative predictive value, and also because both, positive and negative results can be released within 24 h \[[@CIT0004]\]. Nevertheless, the qPCR has the disadvantage of not being able to identify the bacterium species, unlike blood cultures \[[@CIT0002],[@CIT0003]\], is more prone to environmental contamination, and cannot discriminate between viable and non-viable bacteria \[[@CIT0005],[@CIT0006]\].

In all studies with newborns and qPCR \[[@CIT0002]\], the amplification results were used only qualitatively (positive or negative) and were compared with the blood culture results. The aim of this study was to monitor the bacterial load levels of newborns with proven infections during treatment.

Methods {#s0002}
=======

This research was approved by the Research Ethics Committee of the participating institutions (CAPPesq process number 0889/09 and 587/CEP-HUJM/08) and was carried out in a neonatal intensive care unit of out born patients, located in a tertiary hospital, from January to July 2012. To be recruited, newborns had to present with a positive blood culture at the time of admission to the neonatal intensive care unit, aside from one sign or symptom suggestive of sepsis \[[@CIT0007]\], and one altered laboratory parameter in the ancillary exams performed to investigate the potential infection. The reference values were: leukocytosis (\>20 000 mm^−3^), leukopenia (\<5000 mm^−3^), neutrophilia (\>13 000 mm^−3^), neutropenia (\<1000 mm^−3^), neutrophil index \> 0.2 (immature neutrophil count/total), thrombocytopenia (\<100 000 mm^−3^). Serum C-reactive protein (CRP) concentrations were determined by turbidimetry (CRP ultrasensitive kit -- Turbitest AA, Wiener, Argentina) with reference values recommended by the manufacturer ≤5 mg/L \[[@CIT0008]\]. In the present study, only CRP values \>10 mg/L were considered high.

The exclusion criteria were surgical procedures in the newborn; the presence of severe perinatal asphyxia defined by an Apgar score of less than 4 at 5 min of life \[[@CIT0009]\]; concurrent metabolic abnormalities such as hypoglycemia and hypocalcemia; congenital malformations and congenital infections.

One milliliter of blood was obtained from a peripheral venepuncture at the time of suspected neonatal infection and used for the culture of aerobic and anaerobic organisms (BACT ALERT 3D, BioMerieux®). The identification of microbial susceptibility was determined using the Vitek 2, BioMerieux® (BioMerieux Inc., Durham, NC). In addition, 1 mL of blood was obtained at each of the three time points to perform the qPCR. DNA extraction (QIAamp DNA mini kit, QIAGEN Inc., Hilden, Germany) was performed with the addition of a specific step for the extraction of bacterial DNA \[[@CIT0003]\].

PCR amplifications were only performed after blood cultures turned positive. Prior to amplification, the solutions were autoclaved, and the reagents were filtered through 0.22-μm filters (Merck-Millipore, Billerica, MA). Amplifications were performed by an experienced biologist under sterile conditions in an ABI StepOne Real Time PCR System (Applied Biosystems®, Foster City, CA). The mixture of reagents reached a final volume of 25 µL containing QuantiFast SybrGreen PCR Master Mix (Hot Start Taq Plus DNA, QuantiFast SybrGreen PCR Buffer, dNTP mix, SybrGreen) (QIAGEN Inc.), 0.1 μM of the forward and reverse primers (*forward* 5′-CAGCTCGT GTCGTGAGATGT-3′ and *reverse* 5′-CGTAAGGGCCATGATGAC T-3′), 100 ng of DNA extracted from the infected newborns, 100 ng of DNA from a known non-infected newborn, and sterile water instead of genomic DNA (non-template sample). To determine the detection range of the qPCR, a 10-fold dilution series ranging from 10^7^ to 1 CFU/mL of blood was prepared. All samples were tested in duplicate. The primers generated a 150-bp fragment in positive samples.

The qPCR was performed in 40 cycles of amplification: an initial denaturation step at 95 °C for 5 min followed by 10 cycles at 95 °C for 30 s and 66 °C for 30 s, 10 cycles at 95 °C for 30 s and 64 °C for 30 s, and 20 cycles at 95 °C for 30 s and 62 °C for 30 s, ending with the melting curve. The threshold cycle of each duplicate sample could not show differences in more than one cycle. The limit of detection in all experiments was 1--10 CFU/mL, regardless of the type of bacteria (Gram-positive or Gram-negative).

Results {#s0003}
=======

This is a pilot study, so that the sample size was limited by the period in which the collection and blood cultures could be performed in this particular neonatal intensive care unit. The study recruited 17 patients, 7 full-term and 10 preterm newborns ([Table 1](#t0001){ref-type="table"}). In the group of seven full-term infants the median of gestational age was 38 weeks (min. 37 -- max. 40), while among the 10 preterm infants the median value was 32.5 weeks (min. 26 -- max. 35). Gestational ages were estimated at birth by using the ultrasound performed at 21--28 weeks, the ultrasound at 29 + weeks, the last menstrual period, and the Capurro method \[[@CIT0010]\]. With respect to the birth weight, in the group of seven full-term infants the median value was 2560 g (min. 1940 -- max. 3760), while in the preterm group the median value was 1889 g (min. 1050 -- max. 2350). Table 1.Characterization of the 17 cases of neonatal sepsis included in the study, the bacterial load assessed by qPCR in the three time points (expressed in CFU/mL), the bacterium identified by culture, the antibiotics used for treatment and the clinical outcome.   Bacterial load (CFU/mL)   CaseGA (weeks)BW (g)D048 h7 daysBacterium isolatedAntibioticsOutcome1T39376011.239.5UD*K. pneumoniae*AMP + GENFull recovery2T372374120.9UDUD*S. agalactiae*AMP + GEN + CpeFull recovery3T40289493.432.123.0*S. aureus*AMP + CpeFull recovery4T38226020.711.521.1CONSAMP + GENDeath5T38194052.324.52.6CONSAMP + CpeFull recovery6T40300523.420.218.6CONSAMP + GENFull recovery7T38256064.255.6112.7CONSVAN + CftDeath8PT33180444.2UDUDCONSAMP + CpeFull recovery9PT26105017.9UD41.2CONSAMP + CpeDeath10PT30179522.222.512.5*S aureus*AMP + GENFull recovery11PT34205451.7UDUDCONSAMP + CpeFull recovery12PT33197432.1236.933.6*L. monocytogenes*AMP + GENFull recovery13PT28129547.020.9UDCONSAMP + GENDeath14PT32200642.938.366.8CONSAMP + GENFull recovery15PT33235036.319.1UDCONSAMP + GENFull recovery16PT32179432.915.7UDCONSAMP + GENFull recovery17PT35235035.719.843.5CONSAMP + CpeFull recovery[^1]

On the day of admission (day 0), the median age of the newborns was 9 days (min. 2 -- max. 15), the most frequent clinical signs/symptoms were respiratory distress and mild to moderate perinatal asphyxia, while the most frequent laboratory abnormalities were CRP \>10  mg/L, neutrophilia, leukopenia and thrombocytopenia.

The 17 blood cultures showed a predominance of Gram-positive bacteria: 12 coagulase-negative *Staphylococcus*, two *Staphylococcus aureus*, one *Streptococcus agalactiae*, one *Lysteria monocytogenes*; the only Gram-negative isolated bacterium was a *Klebsiella pneumoniae* ([Table 1](#t0001){ref-type="table"}).

All infants received at least 2 weeks of antibiotics. Of the 17 cases, 13 fully recovered and four died (two full-term and two preterm newborns). [Table 1](#t0001){ref-type="table"} summarizes the data from the 17 newborns, with the bacterial load levels obtained in the three time points.

The bacterial load levels in all the time points were in general low (\<50 CFU/mL). On day 0, there were two newborns with higher bacterial loads (2T -- 120.9 CFU/mL, and 3T -- 93.4 CFU/mL), *S. aureus* and *S. agalactiae* were isolated and both presented full recovery. In all the four infants who died, two full-term and two preterm (4T, 7T, 9PT, 13PT) coagulase negative Staphylococci were isolated. The median of the bacterial load levels in the three time points of the 17 newborns, or comparing the 13 survivors with the four deaths did not show statistical differences, probably due to the restricted number of cases. Regarding the variation of the bacterial loads, in three of the four deaths the values increased until the seventh day, except in the case 13PT that showed an undetectable bacterial load on the seventh day. In this newborn, the cause of death was multiple organ failure. In the group of 13 infants who evolved favorably, in 11 cases the bacterial load decreased from day zero until the third time point; in one case the bacterial load remained at the same level, and in one case there was an increment (though these two cases presented full recovery).

Discussion {#s0004}
==========

Considering the high mortality rates of neonatal sepsis, the identification of a biomarker with high sensitivity, specificity, and also high negative predictive values, i.e. capable of ruling out the presence of infection would be ideal. In this study, our aim was not to apply qPCR to diagnosis but to show that this technique based on the bacterial 16S rDNA could be useful and cost-effective to monitor the treatment of neonatal sepsis. It is noteworthy that in three infants of the 13 who progressed favorably, the bacterial load was undetectable from the second time point, and in six cases, the bacterial load was undetectable on the seventh day after the introduction of antibiotics ([Table 1](#t0001){ref-type="table"}).

Due to the impossibility of guaranteeing benefits to the participants, the Research Ethics Committee did not authorize us to compose a control group of infants without infection. However, in all experiments, two negative controls were added, one represented by the sample containing sterile water instead of DNA (non-template sample), and the other negative control represented by a DNA sample obtained in the delivery room from placentas (cord blood) of full-term newborns, whose mothers received prenatal care and did not present any evidence of infection. These newborns had negative blood cultures collected in the delivery room. Nevertheless, it is noteworthy that blood samples taken from placentas did not use the same disinfection protocol when compared to blood samples collected from newborns with suspected infection.

Because antibiotics are administered for at least two weeks during severe neonatal infections or for prolonged periods in sepsis, qPCR could be useful to reduce hospital costs and the length of hospital stay. Brozanski et al. \[[@CIT0011]\] previously showed that approximately eight antibiotic doses and 85 neonatal intensive care unit hours could be saved per infant based on negative PCR results. Therefore, because of the high negative predictive value of qPCR, negative results could rule out the presence of infection, directly influencing clinical decisions and practices, resulting in fewer antibiotic doses per patient and shorter hospital stays. [Figure 1](#F0001){ref-type="fig"} shows a case in which the qPCR could help an early discontinuation of the treatment. Figure 1.Melting curve of the qPCR corresponding to the three time points. The full-term newborn (2T) with confirmed sepsis caused by *S. agalactiae* presented a bacterial load of 120.9 CFU/mL in the first sample evaluated (day 0 -- blue lines). The bacterial loads at 48 h (purple lines) and on the seventh day (pink lines) were undetected.

Although qPCR is not able to determine the bacterium species and to distinguish between viable and nonviable bacteria, some studies \[[@CIT0005],[@CIT0006]\] have shown that this bias constitutes a problem only in samples of untreated patients, with no significant differences for the evaluation of patients receiving treatment. In the present study, our purpose was to highlight the role of a negative qPCR result in the context of neonatal bacterial infections under treatment precisely because the technique is extremely sensitive and susceptible to carry-over, so that a negative result should be valued. In addition, other authors claimed that most of the DNA from dead cells is actually lost during the DNA extraction procedure, probably together with cell debris \[[@CIT0012]\]. Recently, the DNA-intercalating agent propidium monoazide (PMA) which is able to promote cell membranes disruption was used in conjunction with qPCR to selectively detect live cells of pathogenic microorganisms \[[@CIT0013]\]. In future experiments, we plan to perform PMA-qPCR to reduce significantly the number of non-viable bacteria, bearing in mind that PMA may decrease qPCR signals \[[@CIT0014]\].

Taking into account the extreme sensitivity and the high negative predictive value of the qPCR technique, this test could help to monitor the treatment of neonatal sepsis and to assist in medical decision to discontinue antibiotics in infants with favorable clinical outcome and a negative qPCR result, shortening both, the antibiotic treatment and the hospital stay.
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[^1]: T, full-term; PT, preterm infant; GA, gestational age; BW, birth weight; CFU, colony forming units; mL, milliliter; D0, Day zero; h, hours; UD, undetected; CONS, coagulase negative Staphylococci (includes *S. epidermidis, S. haemolyticus* and *S. capitis*); AMP, ampicillin; GEN, gentamicin; Cpe, cefepime; Cft, cefotaxime; VAN, vancomycin.
